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Resumen. En la actualidad existen dificultades en el país para lograr la sostenibilidad, lo que provoca una situación que repercute 
negativamente en la gestión ambiental empresarial. Por ello, para completar la implementación del Sistema de Gestión Ambiental 
de la Empresa Eléctrica Holguín, es necesario establecer indicadores de desempeño operacional como paso para sentar las bases 
dentro de la evaluación del desempeño ambiental en general. Lo cual es el objetivo de la presente investigación. Con ello se 
podrá medir la evaluación del desempeño ambiental en los procesos y ayudará a minimizar su impacto ambiental negativo en la 
zona donde se encuentra, así como potenciar los impactos positivos. Para realizar una selección efectiva de los indicadores 
operativos para determinar un camino a seguir, se utilizaron las técnicas TOPSIS y AHP Saaty en sus versiones neutrosóficas. 
Esto garantiza que se tenga en cuenta la incertidumbre de la subjetividad dentro del proceso de toma de decisiones, incluyendo 
las indeterminaciones. 


Palabras clave: AHP Saaty - TOPSIS neutrosófico, evaluación del desempeño ambiental, indicadores operativos. 


Abstract. Currently, there are difficulties in the country for achieving sustainability, which causes a situation that has a negative 
impact on business environmental management. For this reason, in order to complete the implementation of the Environmental 
Management System of the Holguín Electric Company, it is necessary to establish operational performance indicators as a step 
to lay the foundations within the evaluation of environmental performance in general. Which is the objective of the present 
investigation. With this, it will be possible to measure the evaluation of environmental performance in the processes and it will 
help to minimize its negative environmental impact in the area where it is located as well as to enhance the positive impacts. In 
order to make an effective selection of the operational indicators to determine a path to follow, TOPSIS and AHP Saaty 
techniques were used in their neutrosophic versions. This guarantees that the uncertainty of subjectivity is taken into account 
within the decision-making process, including indeterminacies. 


Key words: AHP Saaty - Neutrosophic TOPSIS, environmental performance evaluation, operational indicators. 


1 Introduction 


One of the most widespread measures in companies is the adoption of a group of international standards that 
promote the achievement of competitiveness linked to sustainable development. Among which we may find the 
implementation of an Environmental Management System (EMS) by means of the NC-ISO 14 001 standard. It 
establishes a set of procedures that define the best way to carry out business activities with the least negative 
impact on the environment, through the management cycle (PMVA). According to this, the process designed in 
this way provides a systematic approach and continuous improvement. 

In Cuba, there are currently some difficulties in achieving sustainability as well as resistance to change, low 
environmental perception, the absence of a proactive attitude, concern about the costs of environmental solutions, 
and ignorance of the link between environmental management and competitiveness. This has led to certain 
unfavorable situations in the establishment of an adequate Environmental Performance Assessment in companies 
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despite being part of the Business Improvement process and the Plan for confronting climate change of the Cuban 
government known as “Life task”. Several methodologies have addressed this issue. However, there are always 
certain limitations in their generalization, so it should always be adapted to the specific characteristics of the 
organizations under study. 

As in the case of the Holguín Electric Company, where there is an Environmental Management System 
(EMS) implemented at 80%, so it is necessary to refine the design of its indicators for the evaluation of 
performance and complete its implementation. These indicators must provide comprehensiveness, be in 
accordance with the objectives defined and the characteristics of the company. They must also be part of a system 
compatible with NC-ISO 14001: 2015, NC-ISO 14031: 2019 and the National Recognition Methodology exposed 
by CITMA. These last two being the starting point for the evaluation of the performance within the environmental 
diagnosis in the entities of the country. 

That is why it is necessary to complete the design and implementation of the EMS in the company in question, 
establish operational performance indicators as a step to lay the foundations within the evaluation of environmental 
performance in general. This type of indicator is vital because it offers the possibility of measuring, from an 
operational point of view, how the designed management form has been executed. In other words, it offers a 
measure of how environmental management really works at the process level. Therefore, it is convenient to pose 
as 

Objective: selecting the operational performance indicators of the EMS of the Holguín Electric Company. 
With this, 1t will be possible to measure the evaluation of environmental performance in the processes and it will 
help to minimize its negative environmental impact in the area where it is located as well as to enhance the positive 
impacts. 

To select the best indicators based on the criteria of experts, the technique called TOPSIS (Technique for 
Order Preference by Similarity to Ideal Solution) was used. This technique is characterized by its effectiveness 
and the simplicity of its principle in solving multi-criteria decision problems. To enrich this technique, the AHP 
(Analytic Hierarchy Process) is applied in its neutrosophic version. 

Neutrosophy is the branch of philosophy that studies the origin, nature and scope of neutralities. The 
incorporation of the neutrosophic sets in AHP Saaty and TOPSIS guarantees that the uncertainty of decision- 
making is taken into account, including indeterminacies. In both techniques, instead of numerical expressions, the 
experts will make their assessments using linguistic terms, which is the most natural form of measurement for 
human beings. [1-11]. From now on, this paper will consist of several headings where the materials and methods, 
results and discussion, and the conclusions, will be presented. For the resolution of the mathematical exercise, the 
information will be processed as follows: 


Neutrosophic AHP 
+Neutrosophic TOPSIS 


Indicators that take part in the 
Environmental Performance 
of the Holguín Electrical 
Company. 


a Experts selection according to 
== their competence 


Out 


Processing 


List of potencial indicators e 


appropriate operational 
indicators through experts 
criteria » 


Questionaires 


V 


Figure 1. Process approach 


2 Materials and methods 


Selection of experts 


The competencies of potential experts are checked. To do so, a competency validation survey was applied, tested 
by [12], where the degree of knowledge about the subject of each potential expert is self-assessed, on a scale from 
1 to 10. The processing of the form was based on the calculation of the rating factor of the experts through the 
following mathematical expression: 


K = ((FA + GO) / 2 = [((SI + EP +IR + FB)) / 4 + GC]/2 (0) 

Where: SI = your intuition 

EP = practical TR = Investigations FB = Consultation of CG: degree of knowledge 

experience carried out by you bibliographic sources (1-10) 

K value Classification 

8-10 High 

5-7 Medium 

1-4 Low 
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Analytic Hierarchy Process (AHP Saaty) 


It was proposed by Thomas Saaty 1980 [13]. The intermediate levels detail the set of criteria and attributes[14], 
[fifteen]. For the description of the method, it is necessary to present the following definitions: 

o Definition 1: [16, 17] The neutrosophic set N is characterized by three membership functions, which are the 
true membership function TA, the indeterminacy membership function ÍA, and the falsehood membership 
function FA, where U is the Universe of Discourse and WX€U, TA (x), IA Go), FA (9<] -0, 1+ [and -O<inf 
TA (3) + mf IA (y) + inf FA (x)ssup TA (x) + sup IA (x) + sup FA (x)<3+. Note that according to the 
definition, TA (), IA (0), and FA (x) are real standard or non-standard subsets of] -O, 1+ [and therefore TA 
(3), IA (3) and FA (x) can be subintervals of [0, 1]. 

o Definition 2: ([16, 17]) The single-valued neutrosophic set (SVNS) N over U is A = (<x; TA (x), IA (x), FA 
(9)>: xeU], where TA: U—[0, 1], IA: U—=[0, 1] and FA: U>][0, 1], 0 <TA (x) + IA (x) + FA ()< 3. The 
single-valued neutrosophic number (SVNN) is represented by N = (t, I, f), such that O <t, 1, f< 1 and O <t +1 
+ 1< 3. 

o Definition 3: [16-19] the single-valued trapezoidal neutrosophic number, is a neutrosophic set, whose 
membership functions of truth, indeterminacy, and falsehood are defined as follows, respectively: á = 


(Ca, 27.23, 24); Aa Ba Ya) R 


O. / x-a7 
E! a¡$x<az (2) 
El azs<Xx<az3 
Ti¿() = QA, az-x 
E) ¿5£Sa4 
0, otherwise 
El 0) a < Xx < az 
a2-a1 
LS = Ba, dy £XS a (3) 
4 = 
(s-a7+Ba(as0) ds SX< As 
az-a2 
1, otherwise 
evt) a <x<a, 
a2-a1 
Ya, dz £X< az (4) 
Fa(o) = (Gx<—az+ya(a3-0) 
E o 
a3-a2 
1 otherwise 


Where and. da, Ba, Ya € [0,1] as, az, az, ay E Ray <az<az<as, 
The hierarchy is built so that the elements are of the same order of magnitude and can be related to some of the 
next level [20_ENREF_ 20]. The levels of importance or weighting of the criteria are estimated through paired 
comparisons among them. This comparison is made using a scale, as expressed in the equation [21_ENREF 21]. 


13,57.) $ 


We may find in [22] the theory of the AHP technique in a neutrosophic framework. Hence, we can model 
indeterminacy of decision making by applying neutrosophic AHP or NAHP for short. Equation 6 contains a generic 
paired neutrosophic comparison matrix for NAHP. 


Lo aj (6) 


dni dn2 “ 1 


The matrix must satisfy the condition, based on the inversion operator from Definition 4. A dj = a" 
To convert neutrosophic triangular numbers to sharp numbers, there are two indexes defined in [22], are the so- 


called score and precision indices, respectively, see the equations: 


(7) 
(8) 


50D = la, +9 +asI(2+ 038119) 


AS) =la, +0, +01 + 0585 +1) 


Table 1. The Saaty scale translated into a triangular neutrosophic scale. 
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Saaty scale Definition Neutrosophic triangular scale 
1 Equally influential 1 = ((1,1,1); 0.50, 0.50, 0.50) 
3 Slightly influential 3= ((2, 3, 4); 0.30, 0.75, 0.70) 
5 Very influential 5 = ((4,5, 6); 0.80, 0.15, 0.20) 
7 Very influential 7= ((6, 7, 8); 0.90, 0.10, 0.10) 
9 Absolutely influential 9 = ((9,9, 9); 1.00, 1.00, 1.00) 
2,4,6,8 Sporadic values between two close scales 2 = ((1,2, 3); 0.40, 0.65, 0.60) 
4 = ((3,4, 5); 0.60, 0.35, 0.40) 


ou 


= ((5, 6,7); 0.70, 0.25, 0.30) 


8 = ((7,8,9); 0.85, 0.10, 0.15) 


Step 1. Select a group of experts. 
Step 2. Structure the neutrosophic comparison matrix by pairs of factors, subfactors and strategies, through the 
linguistic terms shown in Table 1. The neutrosophic scale is obtained according to the opinions of the experts [23]. 
The neutrosophic comparison matrix for pairs of factors, subfactors, and strategies is described in Equation 6. 
Step 3. Check the consistency of the experts' criteria. If the pairwise comparison matrix has a transitive 
relationship, that is, aik = aij ajk for all 1, j, and k, then the comparison matrix is consistent, focusing only on the 
lower, middle, and upper values of the matrix's triangular neutrosophic number comparison. 
Step 4. Calculate the weight of the factors of the neutrosophic pairwise comparison matrix, transforming it into a 
deterministic matrix using equations 9 and 10. To obtain the score and the degree of precision of the following 
equations are used: á;¡. With compensation for the degree of precision of each triangular neutrosophic number in 
the comparison matrix of neutrosophic pairs, we obtain the following deterministic matrix: 

l ar “dm (9) 

A= : . : 
dni dn2 +... 1 
Determine the priority ranking, namely the Eigen Vector X, from the above matrix: 
1. Normalize the column entries by dividing each entry by the column sum. 
2. Obtain the total of the row averages. 

In Step 3 recommends considering the use of the Consistency Index (CI) calculation when applying this 
technique, which is a function that depends on Amax, the maximum eigenvalue of the matrix. Saaty states that the 
consistency of evaluations can be determined using the equation [24]. 


Cl = Iman (10) 
Where n is the order of the matrix. Furthermore, the coherence index (CR) is defined by the equation: 
cl 
CR == (1D 
RI is given in Table 2. 


Table 2. RI associated with each order. 


Order (n) 1 2 3 4 5 6 7 8 9 10 


RI 0 0 0.52 0.89 1.11 125 1.35 1.40 1.45 1.49 


IfCR<O.1 we can consider that the evaluation of the experts is sufficiently consistent and therefore we can proceed 
to use NAHP. We apply this procedure to matrix "A" in Equation 11. 


TOPSIS 


In the case of TOPSIS, the selection is based on finding the alternative that is closest to the ideal solution and in 
turn is as far as possible from the worst solution, it was developed by Hwang and Yoon in the year 1981[25, 26]. 
This method evolved towards Neutrosophy, so in this article, linguistic terms will be associated with Single Value 
Neutrosophic Numbers (SVNN), so that experts can carry out their assessments in linguistic terms, which is more 
natural. Therefore, the scales shown in Table 3 will be taken into account. 
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Table 3. Linguistic terms that represent the evaluation of the criteria in the alternatives. 


Linguistic term SVNN 

Very Important (VD (0.9, 0.1, 0.1) 
Important (1) (0.75, 0.25, 0.20) 
Medium (M) (0.50,0.50,0.50) 
Not Important (NI) (0.35, 0.75, 0.80) 
Not Very Important (NVI) (0.10,0.90,0.90) 


The TOPSIS method for SVNN consists of the following, assuming that A = [p,, Pz, ..., my is a set of alternatives 
and G = f£,, B2, ..., Bny is a set of criteria, where the following steps will be carried out: 


Step 1: In this step we proceed to the construction of the neutrosophic decision matrix of aggregated single values. 
Which is used to aggregate all individual evaluations. Each dij is calculated as the aggregation of the evaluations 
given by each expert using the weights of the AHP Saaty of each criterion with the help of equations 7 and 8 and 
tables 1 and 2. This way, a matrix D = (dij) is obtained ij, where each dij is a SVNN (1= 1,2, .., m;3]= 1,2,..., 
D).(Uj;, Y; Vi 

Step 2: Normalize the decision matrix: Suppose that the weight of each criterion is given by W = (wl, w2, wn), 
where w] denotes the relative importance of the criterion wj. If we are evaluating criterion wj by the t-th expert, 
then Equation 13 is used to aggregate those to the weights. The construction of the normalized matrix will be as 
follows:w; = (aj, bi, ej )w; 


Fi 
jar fi 


Where: wij is the normalized value for the qualification of alternative 1 against criterion ¡ and fij is the indicator 
of each alternative i against each indicator j. 


Step 3: We proceed to the construction of the neutrosophic decision matrix of the weighted average of single 
values with respect to the criteria. 


D * = D*W, where d¡; = w; * d¡¿ = (G;;, b¡¡,C;¡¡ ) (18) 


Step 4: Determine the ideal positive and negative solutions. 


E 

s+ = Gx, 31) that is to say, si = Exp ((e; NN a) + (b;; == by + (c; - y) (14) 

a ae al A 2 _A2 2 (15) 
Ss” = (X7,X2, «- Xj+1) that is to say, sí = Exp (Gs aj) + (by — by) + (e — c7) y 


Step 5: Calculation of the distances to the ideal positive and negative SVNN solutions. With the help of 
Equation 6, the following Equations are calculated: 


pCa*, AP) = |[w * (TA* — TA*)I| (16) 
p(AF, 47) = |lw * (TA* — TAD)II (17) 


Step 6: To calculate the Relative Proximity Index (Ri), the proximity coefficient of each alternative is calculated 
with respect to the positive and negative ideal solutions. 


p(at,a+) 


Ri(A*, Al) = ARA (AñAr) 


(18) 
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Step 7: The alternatives are ordered from highest to lowest; under the condition that Ri>1 is the optimal 
solution. 


3 Results 


Experts were selected according to their competencies, motivation and experience required during the 
exercise Of application of the Environmental Management System from each of their positions. Then, 
questionnaires were applied to determine the evaluation of their competences using equation 1. Resulting only 10 
out of 13 experts. For the establishment of the criteria and indicators, an analysis was carried out according to the 
variables most treated in the methodologies studied within the EMS. 

Their interrelation is as follows: Environmental Management System (EMS), Standardized Approach (EA), 
Environmental Aspects and Impacts (EAT) and Environmental Diagnosis (ED), have a high interrelation and in a 
second group: PMVA, and EM respectively. Regarding the variables least used in the methodologies and 
procedures for Environmental Development Strategy (EDS) we may highlight: sustainability (S). At the same time, 
the validation of the network was carried out using the hierarchical cluster analysis by variables, where by making 
a cut in the dendrogram at the distance of fifteen the existence of two groups is corroborated. 

The first group made up of the variables with the highest representation in the methodological proposals and 
another with the least treated variables (sustainability). Taking into account the aspects raised, it is evident that 
100% of the authors consulted recognize the importance of establishing an environmental performance evaluation 
based on standardized approaches and the EMS, ED, SL, EAI stand out as the most used, in that order. 


FREEMAN'S DEGREE CENTRALITY MEASURES: 


Diagonal valid? b 
Model SYMMETRIC 
Input dataset: CoWserstLaura WMDesktopwl 
1 
Degree NrmDegree 


A O A 
[52] 
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Rescaled Distance Cluster Combine 
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Figure 2. Network of relationships and cluster analysis between variables exposed in the studied 
methodologies. 


According to the abovementioned, criteria and indicators must be established to satisfy the most 
representative variables studied by the consulted authors: 


Analysis criteria: 

Relevance to NC ISO 14031: 2019 

Relationship with “Life Task” 

National Environmental Acknowledgement (NEA) methodology support 
Relevance with EMS-UNE 

Related to the corporate purpose of the Company 

Compatible with established environmental objectives 


mun > 


List of potential indicators for the evaluation of operational performance: 
I. Compliance with saving programs (water, paper, energy) 
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. Training level 


. Monitoring compliance 


Treatment of non-conformities 
. Waste recycling (hazardous, non-hazardous, inert) 


Compliance with emergency prevention program 


We proceed to verify that we are in the presence of an uncertainty problem. So, the following is established: 


Criteria set: € = [c, ...cgjm > 1;vVCmE 0 1<m<6 
Expert set: E = (e, ..ej)n > 1; vVEmEQ1<m<10 
Set of alternatives: A = fa; ...aj k > 1; VAKEN1<Kk<6 


This confirms the need for the interaction of Neutrosophy as a science that studies the indeterminacies that may 
exist in these cases. Then it leads to the execution of multicriteria techniques from the neutrosophic point of view. 


AHP Saaty Neutrosófico to determine weights of the criteria on which the experts will be based to assess the 
alternatives of primary indicators and their level of influence: 


Table 4. Neutrosophic AHP Processing 


CN B E | D | AND F WEIGHTS 
1 | 0:90,0.10,0.10 | 0.90,0.10,0.10 | 0.90,0.10,0.10 | 0.85,0.10,0.15 | 0.70,0.25,0.30 0.58 
B 7 1 0.30,0:75,0.70 | 0.80,0.15,0.20 | 0.60,0.35,0.40 | 0.90,0.10,0.10 0.21 
C 7 3 1 0.30,0.75,0.70 | 0.30,0.75,0.70 | 0.30,0.75,0.70 0.13 
D 7 5 3 1 0.50,0.50,0.50 | 0.30,0.75,0.70 0.07 
E 8 4 3 1 1 0.50,0.50,0.50 0.05 
F 6 7 3 3 1 1 0.05 


The analysis of the consistency of the method showed that its Eigen value is 6.59171, IC = 0.12 and RC = 
0.09, so it is confirmed that the exercise was correct. 


Neutrosophic TOPSIS where the level of importance of each potential indicator is determined to form the 


final compound indicator. 


Table 6. Neutrosophic matrix (step 1) 


Alternatives 

/ Criteria 

L (0.75,0.25,0.20) | (0.75,0.25,0.20)  (0.75,0.25,0.20) | (0.75,0.25,0.20) | (0.75,0.25,0.20) | (0.75,0.25,0.20) 
IL (0.9, 0.1, 0.1) (0.9, 0.1, 0.1) (0.9, 0.1, 0.1) (0.9, 0.1, 0.1) (0.9, 0.1, 0.1) (0.9, 0.1, 0.1) 
nL (0.9, 0.1, 0.1) (0.75,0.25,0.20) (0.9, 0.1, 0.1) (0.9, 0.1, 0.1) (0.75,0.25,0.20) (0.9, 0.1, 0.1) 
Iv. (0.35,0.75,0.80) | (0.35,0.75,0.80)  (0.35,0.75,0.80) | (0.35,0.75,0.80) | (0.35,0.75,0.80) | (0.35,0.75,0.80) 
v. (0.50,0.50,0.50) | (0.50,0.50,0.50)  (0.50,0.50,0.50) | (0.50,0.50,0.50) | (0.50,0.50,0.50) | (0.50,0.50,0.50) 
vL (0.9, 0.1, 0.1) (0.75,0.25,0.20) | (0.75,0.25,0.20) (0.9, 0.1, 0.1) (0.75,0.25,0.20) (0.9, 0.1, 0.1) 


Table 7. Weighted normalized matrix, calculation of proximity relative to ideal solution and order (step 2-7) 


Alternative 
S 


/ Criteria 


o 0.42 0.49 0.40 0.45 0.49 0.43 0.02 0.100 0.772 
TH. 0.48 0.42 0.50 0.48 0.42 0.48 0.00 0.130 1 1 
TIL. 0.48 0.52 0.50 0.48 0.53 0.48 0.01 0.128 0.938 two 
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Iv. 0.19 0.21 0.20 0.09 0.10 0.09 0.12 0.001 0.013 6 

v. 0.27 0.28 0.26 0.29 0.30 0.29 0.09 0.035 0.272 S) 

vI 0.47 0.42 0.46 0.47 0.42 0.48 0.01 0.124 0.929 3 
Pesos 0.48 0.52 0.50 0.48 0.53 0.48 III III 


Results: The operational performance indicators should reflect the results of the application of the 
Environmental Management System during the treatment of non-conformities, the recycling of waste (hazardous, 
non-hazardous, inert) and compliance with monitoring. In other words, what the state of the EMS outputs reflects. 
This evaluation is conditioned mainly by the level of environmental management achieved within the Company, 
since it has resulted in the achievement of an adequate environmental impact. However, it is necessary to raise the 
operational level to obtain better results in the activity. 


Conclusions 


The relevance and pertinence of the environmental performance evaluation is manifested in the current 
situation of the world and Cuba and is included in political, legal and normative documents. The bibliography 
consulted allowed it identify it as an element of EMS and highlights its importance to make the best organizational 
environmental decisions. The methodologies encourage the use of indicators. For its design and preparation, 
references such as NC-ISO 14001: 2015 and NC-ISO 14031: 2019 are used, as well as Cuban legal documents. 
Although the non-integral nature of the indicators used and the predominance of qualitative assessments stand out 
in its execution. 

The use of environmental indicators provides information that enables effective environmental decision 
making. Its non-existence makes it difficult to continuously improve environmental performance. Therefore, 
establishing a system of indicators that serves as a support for the evaluation of environmental performance is an 
appropriate measure. The methodologies analyzed and taken into account for the design, expose the need to 
establish indicators related to sustainability and the incorporation of the process approach in the analysis through 
a standardized approach. 

With the support of the AHP Saaty and neutrosophic TOPSIS techniques, the environmental indicators of 
operational performance were selected based on the establishment of criteria. These techniques allowed evaluating 
using linguistic terms with quantitative processing where the uncertainty environment is included. Which is typical 
of subjectivity. Which provides greater certainty to the decision-making process. Once the techniques were 
applied, it could be determined that the experts consulted in the case of AHP Saaty propose that the selection of 
indicators be influenced by their level of relevance with respect to NC ISO 14031: 2019, showing a relationship 
with “Life Task” and compatibility with NEA methodology. 

In the case of TOPSIS, a higher level of importance is given to those indicators related to the treatment of 
non-conformities, the recycling of waste (hazardous, non-hazardous, and inert) and monitoring compliance. It is 
proposed to extend these methods for the evaluation of the other types of environmental indicators of condition 
and environmental management exposed by NC-ISO 14031: 2019 and the NEA methodology to establish a system 
appropriate to the characteristics of the entity for the evaluation of environmental performance . 
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